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NATIONAL ADVISORY COMMITTEE FOR ALROKAUS ICS. 

NOTE NO. 243. 

THE DRAG OF AIRSHIPS. 
DRAG 07 BARS HULLS - II. 
By Clinton H. Havill. 

Summary 

The extension of wind tunnel tests of models of airship 
hulls to full scele requires an extension from a VL of the or- 
der of less than 5C0 sq.ft. /sec , to the order of 80000 sq.ft./ 
sec, where V = air speed, feet per second, L ~ length in 
feet of ..the particular form of hull. The reason for this re- 
search was to furnish the airship designer with a method for 
finding the VL curve of any conventional type of hull, using 
data obtained from actual performance of airships flown prior 
to 1026. 

This digest as given here in Part II, was begpn in prelimi- 
nary details, in June, 1022, and completed in April, 1025, as 
it was necessary to complete Part I before Part II could be com- 
pleted; the period between September?, 1923, and December, 1925, 
was devoted to work on Part I. 

The outstanding results are as follows- 

1. An empirical method for finding the drag coefficient of 
any bare airship hull with its VL curve from 100,000 cu. ft. 
volume to 6,400,000 cu.ft. volume. (See diagrams Figs. 7 and 3 
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and example to illustrate its use.) 

3. The derivation of an empirical shape coefficient that 
can be calculated from the hull contour that defines the VL 
curve of any conventional airship shape v/ithin the limits placed 
on Figs. 7 and 8.' 

3. (a) That the slope of each VL curve differs with each 
type of hull and that its slope is not quite constant. 

(b) That C F = function of ( VL ) n and n is a varia- 
ble at different values of VL. C K = drag coefficient of bare 
airship hull. Drag = C H ^ ( Volume) 27 ' V 2 . 

(c) That the value of n varies slowly so that extrap- 
olations beyond that given by diagrams Figs. 7 and 8 of the VL 
curve are not much in error, as requirement 3 of illustrative 
problem shows. 

4. The region from model tests to a volume of 100,000 eiuft, 
size indicates that in this region the most rapid change in the 
slope occurs with the conclusion that "The beet model in the 
wind tunnel will probably be the best (lowest drag) airship hull 
but not necessarily" as their VL curves nay cress and again 
may re-crocs at higher values of VL. In view of this as found 
by extrapolating the VL curves calibrated on performance bach 
to wind tunnel values end extrapolating wind tunnel results to 
higher values of VL together with the fact that airship de- 
signers are not interested in airship hulls of less than 
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100,000 ciu ft* of volume, this part of tiieae researches was left 
out. The scale on diagrams at .3 cu.ft. volume calibrated on 
existing wind tunnel data is merely for general information* 

Introduction 

The principal components cf the drag of bodies in a wind 
stream has been laid down by Reynolds, Stanton, Italic, Pran&tl, 
Fronde, BairstOW and others, so that it is net necessary to out- 
line their work here. Reference to the summary of their work 
in the recent N<A.C.A. Technical Report Ho. 219, "Some Aspects 
of the Comparison of Model and Pall Scale Tests" by D . I. Taylor, 
is invited, which expressed in words: Drag = pressure, difference 
+ shin friction + wave making + compressibility effect. 
Symbols 'Drag: = R Drag; = F, (,olV)? f^T^(^\ € f^ 
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It has been well establish?.;, in tho-ory and pra.ctice that as far 
as coir ships are concerned uho compressibility effect expressed 
oy [ — g- J is negligible or zero as the air speeds in flight are 
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so far below the speed of sound at which compressibility exists. 
The wave raking so important in surface ships is negligi- 

ble in airships and if it does exist in a microscopic percent- 
age, can be included in the constants and exponents in the re- 
maining two. Sc that S = ^(pifv 2 )^ - h ere n is a 
variable depending on type of hull - fineness ratio, virtu?.! vol- 
ume, length, diameter, eccentricity of nose ellipse, cylindrical 
coefficient, and on the value of VL as found out in this re- 
search. Or, if reduced to a standard value of kinematic viscos- 
ity of £ then R - constant (pL 2 V s ) F (7L) n . 
Let SIC = the constant; (volume) 2/3 = L 2 , 

then R « K | ( Volume)* ' Z V s , F- (7L) n . 



Let Cu = X + 



O . .2/3 „ 

2 (Volume) v 2 



then R = Gg 2. (TollM#) 3 V* in which case it is seen that C H 

is a variable copending on the value of (VL) n « 

It now remains to give a method of finding the value cf 
C H knowing the contour and ilso cf the airship hull. In brief, 
this ms clone by taking the whole ship performance of a large 
number of ships (all Zeppelin types end Navy nonrigids) as given 
in Part I, and calculating their external drag and getting the 
hull drag. Then to find a quantity of linear dimensions that 
is calculated from the contour and size of each ship such that 
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if the drag is plotted against this VI that the results show 
it to be a smooth curve- T/ith this as a basis, it now was neces- 
sary to find a dimension!, ess quantity that would define each 
ship - such a quantity called here "whole hull shape coefficient" 
(Y + Z) such that it could be calibrated against the various 
values of Og based on performance. 

Body of Report 

An exhaustive research was viiade to find a dim ens ionless 
quantity that sufficiently defines a given hull and to express 
the relation between C-j at various values of VL and this 
quantity. The effective velocity over the skin of different 
types of hulls at different speeds was found to be so different 
that it could not be expressed as a constant tines air speed, so 
the surface area tines K7 n was given up as n apparently was a 
very sensitive quantity- So shapes wore geometrically expanded 
to the volume of known ships for comparison. From this compari- 
son, relative drag coefficients were obtained by discovering 
that the drag of an airship hull follows very closely the VL 
principle over a short range and results are comparable if L 
is defined as L r defined here as . geometric length where 



L.. = / (volume) + li-- (length)- / (Virtual Vol . ) (length); 
this was discovered by trial anc error in analysing the wind tun- 
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nel results and plotting their drag in pounds versus VLg as 
shown in Fig. 6. 

The external orags of all the items (about 90 hulls - 26 
separate types) of Part I can be separated by calculating the ex- 
ternal drags of about six types of hulls and by simultaneous 
equations solving for the external drags of all the remaining 
types of hulls. However, the results are no better than the cor- 
rectness of the external drag of the five or six types calculated. 
Yet these results when plotted against VLg show a smooth curve. 
For this report it was better, therefore, to calculate the exter- 
nal drag for all the 36 types of hulls (given in Part I) and to 
plot them against VLg (Fig. 1) is such a curve. 

There is another way in which the external drag of various 
airships can be calculated, and that is to assume that the per- 
centage of external drag remains the e. 3 part of the total as 
wind tunnel experiments indicate. In general, Wind tunnel re- 
sults show nonrigid types to have about 60$ total drag = exter- 
nal drag; and rigid Zeppelin types to have 40$ total drag » ex- 
ternal drag. The exact percentage will of course vary with the 
type of cars, fins, struts, wires, etc* $ but various percentages 
can be assumed on each type based entirely on engineering judg- 
ment. The remaining hull drags, if plotted against VL g> Will 
give Fig. 3. 

low the mean between Fig, 1 and Fig. 3, is Fig. 3. In view 
of the fact that Fig. 1 and Fig. 3 give a curve that is practi- 
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oally identical, it gives in Fig, 3 a basis of comparison of 
hull drag coefficients when ships are expanded or contracted to 
the same volume and the same speed. In other words, the ratio 
of hull drag coefficients (Ojj) at the same volume and speed 
is the ratio of the drags of the "bare hulls as 

Drag of hull 1 = ° hl g < Vo1 ' i . 

Drag" of toil 2 = ~ | (Vol) 3/3 ' 

if p, (Vol), and 7 are the same for both ships, then 

Drag of hull 1 u °H1 
Drag of hull 2 C H2 ' 

Now with curve [drags, vs. (7L g )] as in Fig. 3, the comparison 
of ships at different volumes and V = 100 ft. /sec, can be car- 
ried out. A comparison at 100,000; 200,000; 400,000; 800,000; 
6,400,000 was carried out. It necessitated a small extrapola- 
tion of curve (Fig. 5) to get 6,400,000 yet as the curve is 

/P \ n 

f airly definite and the value of hrj 7L fc J shows n to change 
value so slowly that this extrapolation is juctified. 

From here on various methods were tried to find a dimen- 
sionless quantity which would show to he a function of these 
values of Cu that comparison indicated. If such a quantity 
was established it could be represented on a plot or diagram 
and calibrated on the comparative results. 

Speed and density was kept constant so that for a given 
volume the relative values of Gvt were the same as the relative 
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values of their drags as £ (Vol) 2/3 V 2 - eons tant • The dinen- 

sionless quantity that proved to sufficiently aefine a hull and 

to have no conflicts with the comparative results v/as (Y + Z). 

Y = (eccentricity of nose ellipse) (cylindrical coefficient) 

(fineness ratio); S - ( length \ (fineness ratio). 

V geometric lengta J 

Hulls xtbto notr grouped according to their values of Y and the 

parar.etric equation of Y against C H v/as plotted (Fig. 4) 

where 0 W vras the total hull drag coefficient of ships with the 

Li. 

sane value of Y. A mean curve was draum through the points 
plotted - a curve for volun.es 100,000; 800,000; 6,400,000 
cu.ft. Likewise, for Z on Fig. 5. It is to be noted that 
y = ( G ) ( .4 Vo,l\ ( c) f^-^-X is independent of length 

cept as length affects volume. An interesting research by si- 
multaneous equations by the author reveals that this function 
Y, for the ten ships on which it was calculated, appears to be 

a true function of that part of the drag due to pressure differ 

n 

ence, and that KYL 2 V 2 + F 3 3 OTM = R gives K a constant 
for all values of ft* The writer hopes to be able to analyse 
all existing ships, in the near future, in order to prove or 
disprove this relation. Father letting Fig. 4 indicate 
°H = F i 7 + F s z ::TA Plot total C K against Y and likewise 
Z in Fig. 5. This mounts to a calibration of Y and Z cn 

% a _L_ y k - V* eives length the predominate factor 
' I .O D LgD 



cx- 



C 
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effect in Z. How with the values of Y and Z for each model 
in the wind tunnel the values of C H according to Y called 
C HY and the values of C H called C HZ according to Z were 
picked off. To let each have its proper effect, the formula 

1 H ; " - — SZ = o for given (Y + Z) me used to give the 
Y + Z 

value of C F at the various volumes. With these various values 
of C F from model to full scale on the 17 models, the scales 
could be calibrated. 

The interval from .3 cu.ft. volume to 100,000 cu.ft. volume 
was calibrated on the diagrams (Figs. 7 and 3) and the slope 
given. The remaining ships from Fart I "/ere nor added to give a 
complete calibration at 100,000; 300,000; and 6,400,000 cu.ft. 
volume; (An exploration of the region just beyond the usual wind 
tunnel model size (100 cu.ft. volume) indicates that perhaps some 
very sharp changes in VL curve is probable) so that the slope 
lines from .3 cu.ft. to 100,000 cu.ft. are the mean over this 
part of the VL curve. However, beyond 100,000 cu.ft. volume 
the diagrams in Figs- 7 and 3 will give the VL curve very ac- 
curately if used in the manner as shown by the example (Fig. 9). 
Since the scales are not uniform sight interpolation of values 
of C F at various volumes other th'n 100,000; 800,000; and 
e, 400, 000 are very misleading. The illustrative problem shows 
how to get the value of (from the 7L curve obtained) for 

other volumes. 
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The limit's from which this data is designed are placed on 
each diagram and there is no justification for using it other 
than within the limits given. However, these limits will cover 
practically all contours of airship hulls that exist or arc 
proposed today. 

Further ground for research is to separate bare hull drag 
into pressure difference and skin friction, a large part of 
which has been done during the trial and error methods used to 
discover the quantities Y and Z. 

Assumptions 

li That external drag, cars, fins, wires, etc., vary as 
the square of the speed. 

2. The coefficients used in calculating drag of cars, fins, 
etc., wore assumed based on engineering judgment. The idea was 
to get the curve drag versus (TLg) oriented at the proper or- 
der of magnitude as a further check on the results which would 
be obtained by the percentage of external drag method. However, 
it is believed that the coefficients used to calculate drag of 
cars, fins, wires, etc., are as nearly correct as the present 
science of aerodynamics cen give. 

Units used throughout this report are ft., lb., sec. 
Everything in this report is reduced to: 

A standard density of p = .00237 slugs/ cu. ft . 
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A standard viscosity of |i ■ .0000003779 slugs/ft. sec. 

A standard kinematic viscosity of v ~ = .000159 sq.ft./ 

P sec. 
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Example to Illustrate Liethod for Use of Diagrams, Figs. 7 & 8 

Part II* 



Problem ? 

An Airship hull is constructed v;ith a contour like the U.3»S« 
Los Angeles if 130 ft- parallel section had been added at the 
point of rnaxinram ordinate; and to rake it such dimensions 
that the air volume of hull = 5,000,000 ou.ft. 

Required: 

1. Hull drag coef f iciont-V g -VL, curve of this airship null 
3. Bare hull drag in lb. ax 100 fx. /sec , standard denrity, 

(P » ,00237 slugs/ cu. f t. ) 
3. Horsepower absorbed in overcoming bare hull drag at 120 

fif./see* 

Data 

Present dimensions of U.3.S. Los Angeles- 

Symbol 

Air volume of hull 2,764,461.0 ou.ft. (Vol) 
Length 658.3 ft. L 

Maximum diameter 90*7 ft. D 

„ ^ M(7o~0> 
Cylindrical coefficient .650 I 3 J ; 

• rr J L ••' 



Eccentricity of nose ellipse .978 (. — - " -J ~ e 

Fineness ratio 7,25 L/D 

Calculations of dimensions of hull in problem. and dimensionless 
quantities of shape. 

(Vol) added in parallel section 2 ou.ft. 

100 tt x 2 * 100 tt 45.35 « 646,108 
Former (Vol) 3,764,461 
Hew (Vol) 3,410,539 

Hew length = L + 100 = G53 . 3 + 100 = 758-3 f t. 
Max. diameter, as formerly 90,7 ft. 

h % .978 

h = ?5B„? * 8.36 



5 

New fineness ratio 



Cylindrical coef. = toi^ ci"Tir3 : ~xVToTng cylinder ~ tt jft " 

* Jl£J^$&JSSL_. = ,^.84g;gT6 = . S961 

Tr(90.7) x 750.2 13,597,764 

3 

Virtual (Vol) = V M (Vol) + -J- = 3,410,569 + ^ g ll " = 
* 3,410.569 + 97,670 = 3 , 503 , 239 cu.ft. 



N.A.C.A. Technical Note No. 248 



13 



Log 10 . Vr = 6. 54509 

I»oa,„ L ~ 2.87934 • • . ' 

10 Lp. - Geometric length = 

" (V- T L) - 9.42 493 fe 



*/ (vol + ttfi) (length) = 
3 



* yV M L = 227.1 ft. 

» 4 /vJtL - 3-4349,5 = 2.55623 = log 10 t g 5 L g m 227.1 ft. at 

Vol = 3,410,569 cu.ft. 

Y = (e) (cylindrical eoef.) (fineness ratio) 

Y = .978 X .6961 X 8-36 = 5-691 

L ( fineness ratio) _ if (7 5S.5 ) 5 575.080 = 27 916 

Z 1„ " Lp- E I 227.1X50.7 20,593 

S & 

(Y + S) = 5.691 + 27.916 m 33.607 
Lor; 10 (Y + Z) » 1.52643 

Note 2 

re, L 4 •■ r ° 1 . 3L are din ens ionless quantities and can "oe 
D' ttd £ l' V 

calculated from any set of dimensions that pertain to the 
same volume. (Y + Z) - independent of volume.] 

When L - 758.3 ft. Vol. * 3,410/ 69 cu.ft. 

. 3 



L at 1C0000 N , _ . 100000__._ . _ . 02 q 32 
7 50.3 J 5,410,569 



L at 10C000 = J (7 58.5)° X .02952 - J 13,785,000 - 233.83 ft. 

By iogs 10 

log 75873° = 3 X 2.87984 = 8.53952 
•"^'.02932 8. 467 ? 6 -10 

3 [ 7 . 10663 

log L at 100000 2.35839 L at 100000 ■ 253.33 ft. 

Desired vol = 5.000.00 0 m R0 
100000 100000 
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log (L at 100, COO) as before 7.10653 
" 50 1 _6£897 

3 18.80565 

log L 5 , 000 , 000 2.93523 = 361.41 ft. ■ length 

of desired hull. 

Requirement 1! 



L at 


100,000 


ft. 3 * 


233.83 ft. 






jj at 


800,000 


ft. 3 = 


467.66 ft. 






L at 


n / r\c\ c\r\c\ 

b, 400 , 000 


it. - 


9 ob • ocj It. 






L at 


5,000,000 


ft. 3 = 


861.41 ft. 






VL at 


100,000 


& 100 


ft. /sec = 100 x 233-33 = 
23383 ft- 2 /sec Log 10 




4.36889 


VL at 


800,000 


& 100 


ft. /sec = 100 x 467.66 = 
46766 ft. s /sec Log 1Q 


VL = 


4.66392 


VL at 


6,400,000 


& 100 


ft. /sec » 100 x 935.32 = 
93532 ft. 2 /sec. Log 10 


y u — 


4.9709 5 


VL at 


5, 000,000 


& 100 


ft. /sec * 1C0 x 8 61.41 = 
86141 ft. "/see Log 10 


VL - 


4.93522 



Enter left-hand scale of Fig. 8 with lpgr. fl (Y + 2) = 1*52643 
and fellow across to scale .3 cu.ft. vol. (see clotted line, 
Fig. 8). 



From 
to 



a .3 cu.ft. Vol. j interpolate for slope and follow across 
to ICC, 000 cu.ft- scale* (see dotted" line}. 



From 100,000 cu.ft. scale, follow across, interpolating for 
slope, to 800,000 and 6,400,000 cu.ft. scales. 

From 800,000 to 6,400,000 sc?le is a straight line (sec dotted 
line solution of this problem in Fig. 8). 
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Pick off the following values of Cjj, and take logs: 

Volume Cjj kOg l0 

100,000 .02180 3.53343-10 

800,000 .01654 8-21354-10 

6,400,000 .01380 3- 13938-10 

Koto: FigB. 7 and 8 are for a speed of 100 ft. /sec, 

p = .00237 slugs/ ft. 3 , and standard PM> Enter Fir. 9 
with logL. VL = 4. 95532 and from curve pick off 
log C H = 8.147-10. Tnence C K = .01405 at 5,000,000 
en. ft. and 100 ft. /sec Use this value in Requirement 2. 

Requirement 2- 

Bare hull dreg at 100 ft. /sec. P = .00237 slugs/cu.ft. 
Drag = C K | (Vol) 273 V s 

L = 361.4, V = 10C, VL - 36141 ft. 3 . /sec.; 

lOg l0 VL = 4.93522. 

From Fig. 9 with log l0 VL = 4.93522 pick off log^C^S . 147-10; 

Op * .01403 as explained above. 

Drag - .01403 x ^C|37 x ( 5> CC0, 00cf /3 x 10C? * 4860.5 lb. 
Re qui rement 3.' 

HP. absorbed in overcoming bare hull dreg at 120 ft. /sec. 

L = 831.41 ft.; V - 120 ft. /sec; VL - 103369 ft. 3 /sec, 

lOg 10 VL = 5.01439 

From Fig. 9 with log 10 VL = 5.01459 pick off 

log 1 . : 0 H - 3.3.32-10; C H = .013 55 

3rag = c F f (Vol) S/3 V s = .01355 x x( 5 , 000,000)- x 12CT . 

„ 6761.8 lb. 

HP. aosoroed = = ^1 ><^20 e 1475 . 3 hp. 

5o0 ooC 

... (Hull Drag + Exte rnal D.rag) V^g^ 
Note: HP, to equip ship with - 550 x p rope iier Efficiency " 



II.A.CA. Technical Note No. 248 



16 



Symbols and Formulas 



Length 

Maximum diameter 
Distance nose to max. dia. 
Llaxircun radius 
(Vol) - air volume 
Eccentricity, rose ellipse 



Geometric length 



Cylindrical coef. (Cyl. Coef^ 



L ft. 

D ft. 

x ft. 

r ft. 



(Vol) cu.f- 



no a: 
/ — - 



mens ions 



— a. 



X 



.no dimensions 



4 r 



Lp. = J C(Vol) + L ft. 



(Vol) _ 4 (Vol) 



no dimensions 



Li 



TT 



:J Li 



Fineness ratio 

Pressure difference shape 
coef . 



Skin friction shape coef 

Whole hull shape coef. 
Virtual volume 

Density- 
Air speed 
VL 



Drag 



L/D no dimensions 

Y * e (Cyl. Coef.) (L/D) no 

dimensions 

v m , (*. 



< TT 



!4»i = 

tin 



D 



no dimensions 



(Y + Z) 



(Vol) + 2y- cu. ft. 



p glugs/cii.ft. 
V - ft. /sec. 

Air s-oeed x' length ft. 2 /sec 



R C T _ T | (Vol)** V 2 lb. 
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Symbols ans Formulas (Cent.) 

Drag coci. of bare hull C H 
Horsepov/er absorbed by drag Rt; HP 

/Length at Volume I s ? = Volume 1 
V Length at Volume 3/ Volume 3 



no dimensions 

- e_i 

550 



5 1 
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Dicir.cTiOMi rx>« > use - 

CauCouatc "y A"Z' Ak,D .A dp t^i.m. Cwrtr Tmc ucrT Kamo 
Sow* With Trtt \.Aa«. Or i^o. l0 C^*i) A*** Fo^ov- Tmcouo^h Ho«iZOMTA».i.y To ScAi_C 
Or C R (2 . 5« C« Twts Fot^jo* Across Thb bkV««CM^ , km nMMUHM TH» Su^e. 
itTwtJSM TMt At jack, nt Stop* i.iMB?,.PicK O^p Tmb D?ag Coer*a A"^ t/ou'MK.s Or 
loo,»oo - 8oo,ooo S, o 400,0 «o <:«/ rVi THESt DRAG CoWx, Alt* fklX THE Volomh S 
G.v«i. Ay too ^, A.a Sfieo r 0 * iMTCAfeufcTlOM For Vok-UtAEi OTV4CJC Tha»x TWO»«- 

Give*-, reoct.cz> AsF»wi ft v With Tut THret Vauuks Or D«ag Co*r, 4sPi«eo Orr 
Feow HH ft'A&*AM, CalwBD CM-^p-t-^-po^o £ Q-t/^*^ , Purr The Or Tnese 

THcee V.VuUSs AoAiwiT Trtt Log,. Or 0-*-n<kTH^ \OOWHEir« LEHGTu \ s Tm 
lEn&th At Volumes Or 100,000- 600,000 L 0,Aoo,ooo Cv FY ^» ZK&vcTtOn Ofc 

Exrnpj»«oM j*w^ | tjgiTii y Jgy y ^ . [ VSe - , " J g^^ !t M- TMt Curvfe 0,r L * 6 ' 

OtAG Co«r \* Lm m Ol. o nits «*(>th Cpch Tyrt Or Snir r*%% A Smooth Convt 
T»«ooGH Th* Tn^e* Poi«t$ ESTABLlSHtf) (O* tuSo^MuV S«***-l Mb Sc*«^ ) A^r> 

Pick Opf The V^*-ut Or Drag Cow., That C«rr»»r»HPS T« A L>i- Of ioo 
Tw<e.s LtM«TH o* Thc Paryicui-ae Ahip. Fo*. Fu*t-h»jr ^fowm^t^ok! ^** 
Fprt H or TtxT See Cj^Mrut For iu-wstKat img U&*s Or This 
DiAGrAM In Pmt Tl Of Te>t. 



CalCu l-ax-t»om s 



By 

L|«.ut U . N *V Y. 



F \awKE 7 • 



blAGKAM ShOYXlNG ThE CHANGE OF DRAG COEFFICIENT OF Ba*E Al^SrUP hULLS 

With Volume . Speed Constant @ 100 Fr/ SKC 

From *>0*V To Full 5. LC - Fog AirSrur rtu^ w^n PMtAt.L.EL. Sectiom*. 



UMIT* Or THE DATA F>OM WM4CH TitiS Wfc% t>C*.vRO Fo* rtOL-u«S WITH *MBAUJEX tSertM E QvJ Au To no- l_ EX? » Th^i W *-«r.. rx 



AHO DISTANCE. F*o*| West To HCST MAXIMUM OKMHATC rroM 1^.57% To 30.io7.Or TH« 



iOM5 S 5. Mao 



PtfiMCi^AL. T> Or Kui»4_ Which »i 
Characteristic to that Part uf the Scale. 

(COMruKTt C>ATA Fbom WmCH THiS 0,aaRa»i 

Plptted, givcm In Tub. te>.tJ 
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* - ^» 
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Vot . A)B Vol. Or Htfuu. 
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* Am SrctD (ft sac} 

• Dcms.t, or a*» C f 



•I 



Y ■ An EMWKM. t« m Wk.ch Ptomar.lv Dctrrvmhm A Fvmctux - 




O Li>gu<»CAL. Coer. » t^xo 
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•M «•«»»« »***« a arafi » »!*..»**** iii«iMfi(i|i«««iii«i a************ * •<**■* a 

*•■ ttrf aaaa* a a* >k , \*. ai**-a* it*. ■>ti<ailiiltait maiaaart . ia>ia>a<tl( 

»J' M« nail! KMiiMit^oMiiaartiaaiiikai. «■** iMaaaaaai • •*»»**•«** 

iaaaaon ***** aaaa* i»aia»n>n asimaaa^^ 17 
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.at^m • •• » »4 - . a 
•»•■-•••■••»< 



au a aaa a KMaitaaaiaaaaMaa' i«a>aaa.iiaaiatanaaaa .*«•*** »aaaa««aji jagaaal 
aai»»<| Milliiiar itu <na.,.«a> aan.a»>a..naaai'9t aaa - a k n*a •****.*>< 

• aaa<ii^><>.<« aa.tooi la- xiaoaiait 'uuali iaa* a aaa** t aaaaa • »» . ••*•■*< 

• araaai»»aiuia<aaaaiaaal< •>a«iin*aa a* oiaan aaaaainti a aa*. aaaan a**t***i 

aaaii»«ia«aa«<«i«a«aaaai 

aa. iia>aa«i i««latariaaaai 
■•aaaaaa »a»»»»^a»« - ai 

-*••** a a- >iwiu»n«> m 

aaa a aaa at«la aaa* * aaaaa ai 
k .«« i. a ■ aaa<a«aa*a>k«aai 
aattaaa «a aa.<<*al aai l* »•-.. . 

ariaMiaaaiaiatAKaaaaata.i "a«a aaaaa IKfta i 

• oaaailtiii aaa«.aiaa«Oai 



ai<i«a<ia>aa<i«aai. . 

»•* a***;***** <laltkt«ti| •a«it|a>ar<iiai aaaaa • *«■■ aaa a I talla^aat rrlJiaiaaik 
all iiaaataiat uaaiaiaaitf craa»)i-a'«i * a *r a ***** aaa* a ***** aaaaa a a **•*;*»(-- - 
ritud^x.ai •raa>ai4i > iMa>«aa<ita>iaiita> aaaamatwi^ a >. , »** *,t*i 

aaraniaxatii tall . aiaia « a aaa aaaaa a»«aa» aaa a a a a-aa aaaaa aaa a a a ««•» taaaaaMI 
j«iiaaaa>aa^<oa>iaaaiaaaiai r a at a aa.. a a aaa » a iat*« v*. aa **aa*. 



a«aa«i 
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wataait «***•••** 

- "a-** liaxaaia 

****a« aaaaaaaltaai 



• 'aaaaMMii<aat.iaaita«aaaaa«i aaaa>a»3*£a uia 

« laaaakai ataiaaiaaaaaaiiaaaaaatatoat aaaaaiai.lt 
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aaa<iaaaa»iraa«aaaaaiait«i aaajaaiaaaa 



' aaaaa aaaaa 
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xaatatai laaa.aiitlaia.ahtaaaaaaa*! »al « a.a-a afcaaa aaSaara ai a aa . * aia *a» - « 7» «*- a a • » « 
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aaiamaaMi mir-immm 
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ra»*aa«| aa»»aa*aaat a aaaaa aaaaa ***** ' "• ■ "Baaa* aaaaa aaaaaa aatuat aaaaa ra 
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taat jatl »«»_» .aaa »«a»ra»«»>» ajJ^ • • "aaaaa>- tkaa>>'«a>iailit>iaa 
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iaaaa* a* aaaaa a aaaa aaaUi it* (a. . aaaa* a«aaa a . a a • a *m aa a a aaa a aftaal a aa 



aaaaaaft »>lji' 

, 

aaa aaaa* aaa»a*--»a*»*a*a- 
ia.aiaai aaaaa aaaia aaaaa 
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